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the dielectric .
properties of materials in a

region above-the plates. ^.Thc., plateis arc

pbsliioned beneath the ' body ' of water ( 1 3

)

so that the capacitance is dependent upon

the amount of water in the region above the

plates, and that capacitance is monitored to
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plates.

3NSDOCI0; <WO 'J803a4tAl ,r_>



FOR THE PURPOSES OF ISFORJ^ATIOS ONLY

Codes used to identify States party to the PCT pn the front pages of pamphlets publishing international. applications under the PCT.

AL Albania

AM "Arrnenia

AT Auscria

AU Australia

AZ Azerbaijan

BA Bosnia and Henegovtni

BB Barbados

BE Belgium

BF Burkina Faso

BG Bulgaria

BJ B«nin

BR Brazil

BY B<Ianis

CA Canada

CF Central African Republic

CG Congo

CH Switzerland

CI CtKc d-jvoire

CM Canwroon

CN China

CU Cuba
CZ Czech Republic

OE Germany

DK Denmark
f^E tstonta

ES:.
- Fr
FR
CA
GB
GE
GH
GN
GR
HU
(£

IL

IS

IT

JP

KE
KG
KF

KR
KZ
IX
LI

LK
LR

Spain -.v...... =„...
, .. LS Lesotho - SI

"

; Slovishia ' -. .

"

"Finland LT l,ithuania '

* "
, v.'sk-. StovsJcia

-France LU Luxembourg SN Senegal;,;

Gabon LV . l.atvia sz ' Swaziland
United Kingdom MC Monaco TD Chad
Georgia MD Republic of Moldova TG Togo
Ghana MC Madagascar rj Tajikistan
Guinea MK The former Yugoslav TM Turkmenistan
Greece Republic of Macedonia TR Turkey
Hungary ML Mali TT Trinidad and Tobigo
Ireland MN Mongolia UA Ukraine
tsrvl MR Mauritania UG Ifganda
Iceland MW Malawi US United States of America
Italy MX Mexico uz Uzbekistan
iapan NK Niger VN Vict Nam
Kenya NL Netherlands YU Yugoslavia
Kyrgyzsian NO Norway zw Zimbabwe
Dcmocrafic People's NZ New Zealand

Republic of Korea PL Poland

Republic of Korea PT Portugal

Kazaksttn RO Romania

Saint Lucia RU Russian Federation

Liechtenstein SD Sudan

Sri Lanka S£ Sweden

Liberia SC Singapore

•INSOOCIO: <WO 9e03841At .L>



wo 98/03841 PCT/US97/12866

CAPACmVE WATER HEIGHT GAUGE AND METHOD

This invention pertains generally to the water height nneasurement and. more

particularly, to a water height gauge and method for use in applications such

as the manufacture of paper.

In the manufacture of paper, a water-pulp slurry is poured onto a moving

5 screen which is commonly referred to as the wire. The water passes through

the wire, leaving a thin layer of pulp on the wire. The pulp is subsequently

removed from the wire and further processed into paper. A vacuum is applied

under the wire to control the rate of water removal. That rate is a major factor

in .determining. Ahe„q^^^^^^^^^^^ product, and- it must be controlled in

10 order to maintain uniformity of the paper.

Water height can be monitored at- any point along the wire to determine if the

water removal process is uniform and consis^^ A water height

^^nrieasurenient:Can..aLlso»provide::controL in

order to maintain the water height at axonstant level.

15 One of the most common instruments heretofore used for measuring water

height is the gamma gauge. That gauge is placed under the wire and

measures photon backscatter which is proportional to the mass of the wire

and the water slurry above the gauge. When the mass of the wire, the paper

bias weight, and temperature are known, the water height or paper/water

20 consistency can be calculated. The gamma gauge works well, but is relatively

expensive and requires the use of a controlled radioactive source.

3NSCOC10: <WO 980084 1A1 J.-
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It is in general an object of the invention to provide a new and improved water

height gauge and method.

Another object of the invention is to provide a water height gauge and method
of the above character which do not require a radioactive source and are

5 suitable for use in the paper industry.

Another object of the invention is to provide a water height gauge and method
of the above character which are less expensive to implement than the

gamma gauge which has heretofore been used in the paper industry and do
not require a radioactive source.

10 These and other objects are achieved in accordance with the invention by
providing a capacitive water height gauge and method in which a pair of

electrically conductive plates are positioned side-by-side to form a capacitor

having a capacitance which is dependent upon the dielectric properties of

materials in a region above the plates. The plates are positioned beneath the

1 5 body of water so that the capacitance is dependent upon the amount of water

in the region above the plates, and that capacitance is monitored to determine

the height of the water above the plates.

making machine or mill having one embodiment of a water height gauge
20 according to the Invention.

Figure 2 Is a top plan view of the circuit board on which the sensing capacitor

of the water height gauge in the embodiment of Figure 1 is constructed.

Figure 3 is a bottom plan view of the circuit board illustrated in Figure 2.

Figure 4 is a circuit diagram of an oscillator for use in the embodiment of

25 Figure 1

.

dNSDOCID: <WO 9800641 A1
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Figure 5 is a block diagram of a signal processor for use in the embodiment

of Figure 1.

In Figure 1, the water height gauge is illustrated in connection with the pulping

screen or wire 1 1 in the forming section of a paper making machine or mill.

5 The wire rests upon the upper surface of a ceramic plate 12 which is chosen

for its ability to resist wear as the wire moves over it. A slurry of pulp and

water 13 is introduced above wire, and as the water passes through the wire,

a layer of pulp is lormed on the wire. As noted above, it is desirable to

control the water height and drainage to maintain the uniformity of the paper.

10 A pair of electrically conductive plates 16, 17 are positioned side-by-side

beneath the ceramic plate to form a capacitor 18 having a capacitance which

is dependent upon the dielectric properties of materials in a hemispherical

region above the plates. Since the dielectric of water is very much larger (50

to 80 times) than that of air, the capacitance will increase significantly as

15 water replaces air in the region above the plates. The dielectric of water is

also much larger than the dielectric of paper pulp, and in most cases where

: the eonsistency. of the pulp/water slurry is mostly water, the capacitance is not

affected significantly by the pulp.

- -Asillustraled-in FiguresT2 ahd^^rir^^

20 capacitor plates are fabricated from a printed circuit board 19. That board

comprises a generally planar substrate 21 of nonconductive material, with

layers of metal (e.g., copper) on the two surfaces of the substrate. In the

embodiment illustrated, the board is glued to the lower surface of the ceramic

plate. In another embodiment, the board and the ceramic plate are formed

25 as single multilayer structure, with both the plate and the substrate being

formed of a ceramic material.

Plates 16, 17 are formed on the upper surface of the substrate, with plate 16

being positioned concentrically within plate 17. In the embodiment shown, the

BMSDOCtO: ^WO 9803841 Al J_,
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two plates are generally rectangular, and inner plate 16 is disposed within a

rectangular opening 22 in the outer plate. As discussed more fully hereinafter,

the inner plate serves as a sensor plate, and the outer plate is grounded. A
generally rectangular guard plate 23 is formed on the lower surlace of the

substrate in registration with the sensor plate to protect the sensor plate from

external stray capacitances. In the embodiment illustrated, the guard plate is

somewhat larger in lateral extent than the sensor plate and somewhat smaller

than the opening in the outer plate.

The capacitor 18 formed by plates 16, 17 and the water above the plates is

utilized a frequency determining element of an oscillator 26. As illustrated in

Figure 4, the oscillator is a Colpits oscillator which includes a transistor 27.

with sensor plate 16 and an inductor 28 connected to the collector of the

transistor and guard plate 23 connected to the emitter. The frequency at

which the oscillator operates is determined by the parallel resonance of

capacitor 18 and inductor 28. The value of the inductor is chosen to provide

a nominal operating frequency of 100 MHz or higher. Frequencies of 100

MHz or higher are preferred because paper slurries generally contain a

"M^t?6r P^sa!ts a are conductive at low frequencies. At frequencies of 100

MHz and above, ionic mobility is not sufficient to produce a significant

measurement error due to water conductivity. An output buffer 29 delivers the

signal from oscillator 26 to an output tenninal 31.

The oscillator circuit is constoicted on circuit board 19 along with the plates

of the capacitor. For this purpose, pads 32 and traces 33 are formed in the

metal foil on the lower side of the board at one end of the guard plate.

The signal produced by the oscillator varies in frequency in accordance with

the capacitance of capacitor 18. That signal is processed to determine the

height of the water beneath the plates. As illustrated in Figure 5. .the signal

processor 34 includes a microprocessor 36 and a frequency prescaler 37

which divides the frequency of the oscillator signal down to a range that can

NSOOCIO: <W0 980384141 J_>
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be handled easily by the microprocessor. A programmable logic circuit 39

receives a clock signal from the microprocessor and returns a time base

signal for counting the oscillator frequency. The microprocessor is interfaced

to a non-volatile memory 41, an external clock 42 and an RS422 serial

5 interface 43,

A table of oscillator frequencies and corresponding water heights is stored in

non-volatiie memory 41. Because of the location of the pulping wire and the

configuration of the capacitor plates, the capacitance is not linearly

proportional to the water height, and the table is generated empirically.

10 The signal processor also includes a temperature calibration table which is

stored in the non-volatile memory and a temperature sensor 44 which

monitors the temperature of the water and is interlaced with the

microprocessor. The dielectric of water is dependent upon temperature, and

that relationship is reflected in the calibration table.

1 5 If desired, the signal processor can be provided with a second frequency input

and prescaler (not shown) which can serve as a reference channel for an

external oscillator which is not subject to the effect of water capacitance.

Such an oscillator can be used as a temperature and environmental reference

for the capacitance measurement:

In use, the sensing unit consisting of capacitor 1 8 and oscillator 26 is mounted

on the under side of ceramic plate 12 and connected to the remotely located

signal processor 34 by a cable or other suitable link (not shown). The value

of the capacitance, and hence the frequency of the oscillator signal, varies

with the height or depth of the water above plates 16, 17. The

microprocessor repetitively measures the frequency of the oscillator signal and

the temperature from the sensor, and uses the tables stored in the non-

volatile memory to convert the frequency measurement to water height data.

That data is averaged over a programmable interval and output over serial

20

25

8NSDOCID' <WO 9803841 A 1 J_>
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interface 43 as a command to a servo controller (not shown) in the paper mill.

The controller adjusts the rate at which the water is withdrawn through the

wire to maintain the water at a predetermined level above the wire.

The invention has a number of important features and advantages. It

provides a low cost water height gauge which can be used in the paper

industry and does not require a radioactive source.

It is apparent from the foregoing that a new and improved water height gauge

and method have been provided. While only certain presently preferred

embodiments have been described in detail, as will be apparent to those

10 familiar with the art, certain changes and modifications can be made without

departing from the scope of the invention as defined by the following claims.

3NSDOCID: <WO_,9803841 Al J_»
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CLAIMS

1. In a gauge for monitoring the height of a body of water: a pair of

electrically conductive plates disposed side-by-side to form a capacitor having

a capacitance which is dependent upon the dielectric properties of materials

in a region above the plates, means for positioning the plates beneath the

5 body of water so that the capacitance is dependent upon the amount of water

in the region above the plates, and means responsive to the capacitance for

determining the height of the water above the plates.

2. The gauge of Claim 1 wherein the means responsive to the

capacitance includes an oscillator which provides a signal having a frequency

determined by the capacitance, and means for processing the oscillator signal

to determine the height of the water.

3. The gauge of Claim 2 wherein the means for processing the oscillator

signal includes means for monitoring the frequency of the signal, a table of

oscillator frequencies and corresponding water heights, and means for

addressing the table in accxDrdance with the^^ signal

5 : to determine the height of the water ^

4. " The gauge of Claim 2 wherein the oscillator operates at frequencies on

the; order of 1 00 MHz and higher: °
'

^

5. The gauge of Claim 1 including a sensor for moriitoring temperature of

the water, and means responsive to the. sensor for compensating for

temperature dependent variations in the dielectric properties of water in

determining the height of the water.

9NSCOCI0: <W0 9a03S4lAIJ_>
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6. In a gauge for monitoring the height of a body of water: a generally

planar substrate adapted to be positioned horizontally beneath the water, a

pair of electrically conductive plates disposed side-by-side on one side of the

substrate to form a capacitor having a capacitance which is dependent upon

the amount of water above the plates, and means responsive to the

capacitance for determining the height of the water above the plates.

7. The gauge of Claim 6 wherein the substrate is part of a printed circuit

board, and the plates comprise areas of metal foil on one side of the

substrate.

8. The gauge of Claim 6 wherein the plates are disposed concentrically

of each other and include an inner sensor plate and an outer ground plate.

9. The gauge of Claim 6 further including a guard plate disposed on the

opposite side of the substrate in registration with the sensor plate for

protecting the sensor plate from stray capacitarices.

10. In a method of monitoring the height of a body of water: positioning a

pair of electrically conductive plates-side-by-side -to forrn a-capacitor .having

a capacitance which is dependent upon the dielectric properties of materials

^j^,^ plates, positioning the plates beneath the body of water

5 so that the capacitance: is dependent .upon the amount of wate

above the plates, and monitoring the capacitance to determine the height of

the water above the plates.

1 1
.

The method of Claim 1 0 wherein the height of the water is determined

by utilizing the capacitor as a frequency determining element in an oscillator

to provide a signal having a frequency corresponding to the capacitance, and

monitoring the frequency of the oscillator signal to determine the height of the

5 water.

3NSCOCI0: <VVO_980384IA1 .1..
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12. The method of Claim 1 1 wherein the height of the water is determined

by providing a table of oscillator frequencies and corresponding water heights,

and addressing the table in accordance with the frequency of the oscillator

signal to determine the height of the water.

13. The method of Claim 11 wherein the oscillator is operated at

frequencies on the order of 100 MHz and higher.

14. The method of Claim 10 including a the steps of monitoring

temperature of the water, and compensating for variations in the capacitance

due to temperature dependency of dielectric properties of water.

B^SOOCIO: <WO 960384 1 A 1 J_>
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